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TYDROLOGY AND METEOROLOGY

1. Scope.- There are presented in this section of the Appendix
hydrologicel data and its sources for the Connécticut River Basin during
recent major floods; probable flood frequencies derived from all data of
record; methods used in the flood control ‘a.nalysis; the flood reducing
effect of the reservoirs investigated; the considerstions governing and
the determination of the sizes of spillways and outlets, and the type of

utlet control; and the probable frequency with which water will rise

to various elevations within each reservoir, Reference is made to the
Main Report for an extended treatment of the hydrology and flood history
of the Comnecticut River Basin. Although many additional resecrvoirs
were investigated, the data referring to specific rescrvoirs hcrein are
limitcd to the thirty forming the Comprehensive Plan of Reserveirs and
their alternates.

2. Sources of hydrological data,- Rainfall data at points in and

near the Connecticut River Basin are collected by tho United States
Weather Bureau, the Feteorological Service of Canada, the Massachusetts
Department of Public Heelth, and the Conmnceticut Ground Water Survey.
Dete were obtsincd from these sources for all rainfall stetions listed
in Teble 1. Records of depth and density of snow cover are obtained by
the Few England Power Company at the following sfations in Vermont:
Comerford, Ellis Brook, Harriman, Marsificld, Pcacham, Scarsburg Moun-
tain, Searsburg Station, Somerset, and West Burke; and ot First
Commecticut Lake and York Pond in New Hompshire., Records of depth of
snow cover were received from the Connecticut River Hydrological Survey
for the following stetions in Vermont: Bellows Falls, Brookfield,
Burke Mountein, Cenean, Danville, Lunenburg, Rochester, Tvnbridge, Lyson,
Wells River, West Topsham, Whitc River Junction, ond Wilmirgton., Snow-
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cover rccords for seversl additionel points in the watcrshed were avail-
eble from the United Stotes Weather Bureau. The locetions of all roine
fall snd snow=-cover stations are shown on Plote NWo. 1. Records of stream
run-off at eight geging stetions on the Counecticut River and thirty-
seven gaging stations on tributaries are aveilable in publications and
files of the Water Resources Branch of the United States Goologicel
Survey. A list of all existing and discontinued stream-gaging stations
in the Connecticut River Basin and the pericd of record of euch station
are given in Table 2. The locations of the existing stetions are showm
on Plote Noe 1o Stage hydrographs at several additionel points on the
Conne cticut River were obitained from the Hew England Power Company end

severol other sources. Rating curves ot stream-gaging stations on the

Connceticut River arc shown on Plate No. 2 end reting curves at principal
tributary geging stations are shovn on Plate Wo. 3. Tentative adjust-
ments have been applicd to the extensions of the well-defined portions

g date on flood velumes, high=

[

of seversl of the roting curves by utilizin
woter elevetions, and cstimates of peek dischsrges by the distribution-
graph method end by channel-discharge computctions, In some cases, such
os Hartford, where the failure of dikes offected the relation of stoge
to discharge, the rating curves were computed as they would have been
without thesc conditions in order to mokc stage reductions by reservoirs,
token thorefrom, approximetely os they would be during futurc floods.

%, Hydrologicel data for November 1927 flood.- Reinfall graphs

from recording reinfall records ot sixtcen sbations in and near the
g
Connecticut River Basin are shown on Platc Ho. ly for the period, November
2 - inclusive, 1927. Thc rainfall mep for the seame period wus pre-
3 R4 - iy p
pered from sll the availeble rainfall records end is shovm on Pletc No.
5. Discherge hydrographs for the pericd, Hovember 3 - 12, 1927, at scven

gaging stotions on the Connecticut River end ot 12 points on
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tributarics arc shown on Plate ¥e, 6. The velumes of run-off and peok
discherges from these hydrographs are shown cn Table 3. Watershed maps
and the high-water profiles of the November 1927 flood on the Connecticut
River and principel tributeries are shown on Plotes No. 164~19%, inclusive.

l;. Hydrological date for Merch 1936 flood.- Rein graphs from

recording raeinfell records at fourteen stations in the northeastern
United Stetes for the pericd, Merch 16-22, inclusive, 1936, src shown on
Plote No. 7o The reinfell mep for the same period is shown on Plate No.
8. Discherge hydrogrophs for the period, Merch 16-26, 1936 et scven gog=

-

stetions on the Comneeticut River end ot 12 peints on tributarics

H-
(4]

n
are shown on Plete Ne. 9. The velumes of run-off end pcok discherges fron
these hydrographs arc shown on Tablc 3. The high-water prcfiles of the
March 1936 flocd on the Connccticut River sad prineipel tributaries are
shown on the profile platos.

5. Probable frequency of recurrencc cf peak discherge.- The fre-

P‘
)

=y

quency of poak discherges was determined at each goging sbation the

=
no

Connceticut River wetershed with a poeri cf record longer then
years by the basic-stege method. The frequoncy equnticn ugcd is
C= n in which C is the pro bwble frequency of recurrence in yeors

m=0.5
of & given value of dischergc, m is the number of times during the peried
of record thet the given discherge has been cqualled er exceeded, and n
is the number of ycers of record. Twenty-four hour averege dischorgos
wore convertcd intc instantaneous peck discherges and plotted c ainst
their frequcncy of rcecurrence and & smooth curve drovm through them.

e J o

Curves of frequency thus determincd sre shevm on Plotes Fos. 10 end 11
Discharges at various parametors of frequency verc read frem each fro-
guency eurve, divided by the drainege arce ot the stoticn end plobtted to
form o relation betwecen frequency of instentencous peck discherge ond

dreincge area, It was found that the peremetoers of frecuency conforncd

;..u.



closely to & smooth alignmont for the Connceticut River Basin with the
exception of that part scuth of the Ammonocsuc River and cast of the
Comnecticut River, which conformed to & smooth aligrment of its own,
These rclations are shown on Plate Ne. 11,

6. Probeble frequency of recurrence of flood volume.- Thc flood

volume versus frecuency relotions were determined ot all gzaging stetizns
for which dota were available by following the procedure outlinced in the
paragroph cbove, and the general relations of flood volume in inches of
depth on each droinage ares for various paremeters of frequency were
determined with drainege area as the cther variable. The wvolume of =

3,

given flcod wes taken s the tetsl discherge from the beginning of rise
ts the end of the flcod poricd, It was feund by o compesrison of peak
discharge and volume-freguency relstions thot for corrosvonding fre-
quencics et any given staticn the ratic of peck dischorge to fleocd volume
is approximctely a constant. The constency of this retic made possible,
as explained later, the determinetion of peck discherge versus frequency
rclations for ungaged drainege arcas. The relaticons of flood wolume te

frequency esteblished from cctwl rcecords arc shovm on Plotes MNos, 10 ond

il.

(Report continued on following pege)




7. General description of method.- It wag necessary in studices

mode for this report to reconstitute past flcods from rainfall dete and
to construct hypothetical floods from assumed rainfell conditions. This
was accomplished by usc of the distribution-graph method which hes proven
to be the most accurate method yet developed for converting rainfall

inte run-off hydrogrephs. Distributicn graphs were determined for 22
tributery watersheds cf the Connecticut Valley for which stream-discharge
data were available and werc verified by reconstituting flced hydrographs

-

of record. Properties of thesc distributicn grephs were related to

o

toporraphic features of their respeetive wotersheds and general relations
pograp . I 28

were cstablished therefrom, thus providing & means by which distribution

pd

graphs could be obtained for dreinage sreas without dischorge rccords.
Distribution graphs for verious increments of rainfoll duration were
derived for use in constructing spillway-design floods,

8. Recference tc erticles on the distribution graph end the vnit

5

hydrogroph,- A complete discussicn of the distribution graph and cof the
ol Ao = el et

unit hydrograph is not given hcrein because deteiled articles describing
each have been presented in verious technical publicaticns. Referonce

is made to the fcllowing articles:

"Stream Flow from Rainfall by the Unit Graph Mothod,"
Engineering News=Record, Vel. 108, pp. 501-505, 1932, by
L, ¥. Sherman.

1

"Approach to Determincte Stresm Flow," Am. Sec. Civil

Eng. Proc., Vol. 60, pp. 3-18, 1934, by H.

"Surface Run~0ff Phenomena," pt. I, Auclysis of
Hydrograph: Horton Hydrcl. Lab,, Pub. 101, Feb. 1, 1

"Studies of Relotioms of Reinfall and Run-O0ff in the
United Stetcs," Geological Survey Wator Supply Paper 772.




9, Definition of the unit hydrograph,- The "Unit Hydrograph"

for a given watershed is the discharge hydrog gravh representing one-inch
depth of surface run-off that would result from a storm of unit duration
and of uniform intensity snd distribution over the watershed. The

theory of the unit hydrograph is based on the assumptions that the run-off
from any storm of unit duration will follow the same regimen of flow as
that of the unit hydrogreph and, as & result, thet the discharge ordinates
will very directly as the volumes of surface run-off. Accordingly, the
total hydrograph from & storm of any duration may be pictured as the
summation of o series of component hydrographs, one for each unit period
of the storm. In developing a run-off hydrograph from rainfall by
employing the unit-hydrograph method, the rainfell is broken cown into

wnit periods; the volume of run-off in inches of depth for esch pericd is
estimated; a discharge hydrogreph is constructed for cach unit period of
rainfall by multiplying the discharge ordirates of the unit hydrograph
by the estimaoted volume of run=-off for cach pericd; and a conposite
hydrograph of surface run-off is obteined by adding these separate
hydrogrophs. Vhen ground-weter inflow and run-off from prior storms

are apprecieble, they are estimated independently 2nd edded to the

above hydrogreph,

10. Definition of the distribution graph,.,- If & discharge period

such 2s 12 hours is selceted end the period-by-period ordinatcs of the
wnit hydrogreph arec expressed as percentages of their sum, thesc per-
centoges, plotted versus time constitute the "Distributicn Groph™ for
the wetershed. The distribution greph wes develeped for cach tributary
wotershcd in the Comnccticut Basin for which dischargce dato were aveil-
ablc beceuse its use permits comparison of graphs from various draincge
arcos regardless of size. The vnit hydrogreph was used, howcver, in

+
conure

i-lb

beecnuse it facili-

10

establishing the relations with topogrephic

teted computetions involvirg lews of hydroulic similitude, which were



required for one step in developing thcse relations,

11, PFactors involved.- Once the rain has fallen on the ground
& s

it first fills the smell pockets in the terrain, and then flows overlan
towards the minor stream chenncls. During this porticn of its journecy,
which Robert E. Horton has shown to toke only s few hours, part of it
is lost from dircct surface run-off by evaporation, absorption, and

infiltrotion. The amount of this loss is not treated herein beccuse

in reconstituting pest floods for drainege arcas without discharge

5HY

rccords the percentages of run-off were cstimatcd from & study of recorded

volumes of run-off ot nearby gaging stations, end in constructing spille-
wey-design floods o meximum percentage of run-off was used. The varia=
tion in surface cover throughout the yeear affects the velumcs of run-off
from various storms but not the charancteristies of the resultont hydro-
graphs ot points on the mein str ?cw;chanﬂcls. A hydrogroph for a given

dreinare areo is composed of the direct surface run-off into the many
¥ ¥

minor chaennels of o droinagce systen modified by open channel flow plus
£ N P

ground-wotcr inflow. Open chenncl flow is effectad chicfly by ncturel

velley storcge and the synchronization eof hydrogruphs from various

sub-orecs. These twe fectors vary with topograophic featurcs such

By

size and shope of draincge arca, ruggcedncess of terroin, slopes of the

=t
ct
e
a
w
ct
s
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mein strecm beds, and the dischorge chorcctoristics of
chemnels, Thus, the unit hydrogroph is o function of the topographic

features of a watershed which remain rclatively fizced throughout the

year except as ice temporerily slters the stream chennels.

0

Distribution Graphs for Watcrsheds

¥ith Stream~flo“ Kecords

12, Dete cwvoileble.~ Rainfll sand stream-flow rcecords from which

3,

distribution graphs mny be developed ore plontiful in the Comnceticut

River Vellcy. There are approximately 100 rocinfell stations in and



around the Connecticut River Watershed for which the Unit ted States
Weather Bureau publishes daily records of precipitetion and 16 stations
for which hourly records are available. Stage and discharge hydrogreph
were obtained from the Water Resources Branch of the United States Geo-
logical Survey for %0 stations verying in draincge erca from 12 to 797
squere miles., Stage hydrographs for 25 stations were from continuous
recording instruments and for the other five stotions from steff or chain-
gage reedings.

13, Selection of storms,- After a careful investigation had becn

mede of rainfall and run-off conditions for 2ll New England storms of
the past ten years, nine were sclected from which distribution graphs

were derived., Foctors considered wore:

L
.

s P
. Short durztions (36 hours or lcss

o

b. Isolation in respect to other pceriods of rainfoll,

-

¢, Frecedom from snow cover.

d. Depth of rainfall (one inch or grestor).

e. Run-off conditions favoring a high porecontoge of
run-off.

1. Correction for artificial storcge.~ An investigation wes made

to detormine the cpproximete volume of storege in storcge roservoirs and

run-of-river plants upstreen from all stations For vhich distribution
graphs were derived, In most casecs the storoge could be considered
negligible, but on those strcoms where it had an enprocicble cffect

upon the discharge hydrograph, tho operction schedules of the resorvoirs
or run-of-river plents were obtained end the dischergc hydrogrephs

corrected accordingly.

15. Determinstion of rainfall .- The eversge rainiell for a storm

over o given watershed was determined from the records ot 21l rain gegos

in and around the watershed, and the roinfall was broken dovm into six-

hour periods by inspection of the reinfell distribution =t neczrby hourly



recording stations.

16, Proccdure for storms of 12 hours or less durstion.- The unit

reinfall period selected for the development of distribution graphs was
12 hours end the discharge period 6 hours. Distribution graphs were
derived by the following procedure:

a. Subtract from the discharge hydrograph the ordinates
of base flow and the ordinates of run-off resulting
from any rainfall other than the 1Z-hour storm being
used, This resulting hydrograph represents the net
surface run-off from the storm,

b. Determine the volume of run-off of this hydrograph.

¢c. Determine the average ordinmntes of successive 6-hour
discharge periods; express them as percentages of
the volume computed in (b); and plot them ageinst
time as the sbscissae.

17. Procedure for storms of more than 12 hours duration.-

f

g
o

Distribution graphs were derived by the following proced
a. (Seme as (a) above.)
b. Estimate the rainfall for 12-hour periods, and
from judgment apply a run-off factor to each
period of rainfall.

tut

(=

=

¢. By trial and error find the distr on graph which
will reproduce the net surface run-olf hydrograph vhen
applied to the cstinmated volumes of run-off from
each period of rainfall,

The distribution graphs dgveloped for the iributary watersheds are shown

on Plate No, 12.

18, Discussion of results,.- Distribution graphs werce derived for

22 of the 30 stations for which data were aveilable. Hydrographs for



the other eight stations were either incomplete or were affccted by
regulation of artificial sborage for which cperating data wore not
available. For several stations in the lower half of the Connecticut
Wetershed it wos necessary, because of scarcity of dste, to develop

distribution gravhs from cme storm only, thet of ifarch 17-13, 1926,

Howecver, this storm was en excellient one for distribution-graph deriva-
S
tion on thc type of draimege area for which it wus used, znd confidence

is pleced in the accuracy of the graphs derived from it. Excellent
results were obtained in developing distribution grophs for ell stations
for which sufficient good discharge dete were cvailable. The agrcements
between graphs developed from ey end Hovomber storms substantiate the
contention thet tlhie unit hydrogreph is & function not ¢of surfucc cover,
which may be subject to seasonal chenge, but primerily of the topogrophic
footurces of a vatershced., The general agreements hetween the several
graphs for cach rospective watershed are closcr than any hitherto
published

19. Reconstitution of pust floods.- The distribution graphs devel-

oped werc verificd whercver possible by rocomstituting from reinfall

WL
. s ; . 2. 15 TNz~ 3
end snow-cover date the Fovember 1927 awnd the larch 1930 floods.

1

Becausc run-off from the farch 1936 flood wio

woscd largely of molted
snow in the northern holf of the Connecticut River Basin, it wes diffi-
cult to Cqulﬂ”te with cortainty the proper emounts of run-off from cach
reinfoll period. Howevor, this condition did not ¢xist in the loweor
helf of the basin for the Ierch 19%0 flood, or in cny soction of the

-7
!
i

wateorshed for the November 1927 flood.

- 10 -



Distribution CGraphs for Wetersheds

Witheout Stream=flow Records

20. General method,~ As the unit hydrograph is chicfly o funection

of the topozravhy of a wetershed, & unit hydrograph for o drainsge arca
pog P T g

1

without discharge records, but for which the topegraphic features are
known, can be estimated, provided theo relationships between unit hycdro-
graphs and topographic features are defined. To accomplish this, three
delimiting elements of the unit hydrograph were selected, namely:

2. Rete of peek discharge.

Duration of hydrograph.

jo
L)

c. Time of occurrence of peal discharge after beginning
of reinfall,

These three properties were plotted egainst various drainsge-area
charscteristies such as slope of the area - elevation grarh,
drainsge aren, slope of stream bed, ratio of length of basin to width,
number of mejor stems comprising o drainage systeri, depth of basin, and
meny others. Over a hundred such relations, or combinntions of relations,
were plotted, and it was found thet three topographic featurcs are
predominent in their effect on the unit hydrograph. These are:

G Drainege oreca.

b. Slope of area - elevation greph,

¢. The streanm pattern expressed as the number of mojor

e

stems of & watershecd.
These watershed charccteristics are Jisted in Teble ly for coch tributary
watershed for which unit hydrogrephs wore developed. The dreinege aree
variable wes rcduced to & constant by transforring the unit hydrogrophs

for the vorious wotersheds by laws of hydraulic similitude to unit

hydrographs for cerresponding 10-square mile model dreinnge crocs. The



poak discharges of thesc model unit hydrogravhs were plotted cgninst

the durations cnd ‘times of peaking of the model graphs cnd good relations
were defined. The peok dischorges of the model unit hydrogrephs wore
plotted against the slopes of the model area - elevetion graphs with

the number of main stems as parameters to form the relations that tied
the unit-hydrogreph properties to features of topography. In addition to
these gencrol relations, a good rclation was found to exist between the
prototype peak discharge end the rate of discherge 12 hours after the
peak.,

21, Determination of wetershed slope factor.- A graph of drainage

area versus elevation equalled or exceeded was prepared from the topo-
graphic map for each watershed. It may be obtained by planimetering all
the contours of the watershed and plotting the measured areas ageinst

: e

1len

(s N

the contour elevations. As & practical expe the following method
was devised. A large celluloid sheet, subdivided into squares that
represent one square mile on the United States Geological Swvey
quadrengle sheets, was placed on the topogrephic map of the wetershed.
The average elevation within esch square was estimated and the number of
squares accumuleted in the order of their decreasing aversge elevetions,
from which the graph of drainege ares versus elevation equalled or
exceeded was plotted, The eree between this graph and the minimum cle-
vation of the wetershed was plenimetered, snd the aversge slope of the
graph, hercinafter termec the watershed slope factor, determincd thore-
from in feet per square mile., The arca - clevetion grephs for

)

tributary watersheds are shown on Plate Fo, Uy,

25, Definition of streem pattern.- The number of major stems of a

watershed was determined by an inspection of the topographic mep. A

no single tributary that drains

3
o)
a3
02
n
jag
€3
<
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one-brench stream is defi

more than 25 per cent of the total dreincge area. A two-bronch stream



is onc having two mejor brenches of epproximctely the seme size dreining
at least 50 per cent of the total dreinnge srea. A three-bronch stream

R

is classifiecd similarly with the provision thet the three bronches drain

at least 7 7% of the total drainage erca It is possiblec that the pceak
flow from one branch of & watershed may be so desynchronized by ertifi-

cial storage or naturel topogrephic conditions that the clessification
of the stream pattern would be altered. This was the cose on the Suger
River, which, by inspection of topogrephy, eppcered to be a two-branch
stream, but becoause of the cffect of Sunapce Lake end other lskos on the
same brench the pesk discherge was o function chicfly of onc ster. The
clessifications of tributary wetersheds for which distribution graphs
were derived are shown on Plate Ho, 13%.

23. Pertinent principles of hJc roulic similitude.- To traensfer o

unit hydrograph from the prototype to the model, the following relations

were used:

q = o/n7f

(o]
o = A/EF = 10 sq. mi., n = \j&/l@

where
Q,q = discherge

T,t = Time
(Cepital letters signify
H,h = depth of rainfall prototype; small lebters,
nodel )
A,a = drelincge ared

1

S,s = vwetershed slope factor

scale ratio

P,
E
1

A model hydrograph reduced from a unit hydrograph using these relations
would represent 1/n inches of rum=-off on the model. According to the unit-

hydrograph theory, discharge ordinates vary dircetly with volume of run-off.

- 13 -



Therefore, to produce a unit hydrogroph, or o hydrograpi of one-inch depth
of run-off on the model, the discharges must be multiplied by n, or the

. . et - %/
prototype dischaerges reduced by the relation, q = Q/n’/~.

oli. Determination of unit hydrogreph clemcnts for mocel wnlersheds.-

A wnit hydrograph for a model watershed is derived from & unit hydrograph
for & natural area by the method shovn in the following semple compubtation:
Actual watershed welues:
A = 200 square miles
S = 5.5 feet per square mile

Stream pattern = 2 stems

Q12 = Peak discherge of unit hydrograph for 12-hour storm &
3200 Coi'eSe
T = Duretion of wni®t hydrogreph = 1.9 doys
T2 ' YOrograph T He7
TRlE s Time of peaking = 20 hours
D = Duration of reinfall = 12 hours
Model valucs:
a = 10 squerc miles
-/ [550
n =\.4 =129 <08
a {10 -
v
s = nS = (L6)(5.5) = 2.5 fect per sguare milc
Stream pattern = 2 stems
= 5/2 = E o= oaln o

q = Q/n 2200/, 1,41 45 = THO €ufas.

t = = 2 = 9 2 Ada
f £ = Tap/e0e5 = b/l 1005 = 2.5 ey

t = .[“ = Q . = } 1S

r TRlE/hO 5 0 h.héo 5 = 9, hours

d=1>D nO.‘f:- = lE/LJhéO.B = 5.7 hours

25, Adjustmont of model watcrshed unit hydrogrephs to constant

storim duration.- As mey be seen in the proccding illustroetion, d, or

storm duration on the model, veries for different wotersheds dependent

on size of naturcl srea, Becsusc of this it was nccessary te adjust all



model unit hydrographs so that they would conform to the same storm
duration, which was chosen as 12 hours. The adjustment of peak discharge
wes accomplished by constructing a curve of g versus d as follows:
Let Q; be the discherge 12 hours after the peek discharge
on the prototype unit hydrograph, then Q12 + Ql vould equal

2
(very close spproximation) the peak discharge of the unit

hydrogreph for a rainfell of 2l hours durction. Likewise
ir Q2 equals the discharge 2L hours after the peek,

Q2 + @ + Q2 would equel the pesk of the unit hydrograph of

a 36-hour storm duration, Those pcek discharges and their
corresponding rainfell durations trensforred to the model
define the curve of q versus d. Thesce curves for the
unit hydrographs developed from discharge rccords arc shown
on Figure 1 of Plate No. 15. The values tt and tr were

i

adjusted by edding a constant which veries inverscly with d,

The adiustment of the model unit hydrograph, derived in the precedin
J grapsl, E

o

paragraph, to one for a 12-hour storm duration is made as follow

7]

The topogrephic charccteristics remain the scnmc,.
qlzis the value corrcsponding to d = 12 on the g vs. d
graph = 297 c.f,s,.

ttlQ = tt * (1227 d) = 2.3 + .3 = 2.6 days
= + - =gl + 6 = 1
trlg tr (12 = d) = 9.4 *+ 6.3 = 15,7 hours

d = 12 hours.

26, Genercl relations.- The valucs of q12 were plotted against

|2

their respective velucs of s with the number of stroams «s o parsmeter,
and thoy also were plotted ageinst thelr respective ttlo valurs and
.
t .~ values to form the relations shown on Plate No. li. The protetype
rie

velucs of werc plotted against the rotes of discharge 12 hours efter

G
"2



27, Distribution graphs for watersheds without streem-flow records.-

To construct a distribution graph on a watershed without strecm-flow
records, it is first necessary to obtain A, 5, and its stream pattern
from a topographic map of the area. The three delimiting vaiuves of the
unit hydrograph, Q12’ Topio and Tng mey be determined mesthematlcelly by

o reversc of the procedure described in the preceding peragraphs. However,
the general relations have been prepared graphically end are shovm on
Figure 2 of Plate No. 15 from which these values con be obtained directly.
From Figure % of FPlate Toe. 15 the discharge rate 122 hours after the

peak of the unit hydrograph mey be obte ined. Knowing the peck discharge
rate, its time of occurrence e.fter beginning of rain, the discharge rate
12 hours after the peak, and the duration of run- £, the unit

hydrograph for & given drainage erce may be cemstructed. From this wnit

=0

hydrograph 2 distribution greph mey readily be obteined. An example of

the use of the general relations is shovm on Figures 2, %, and L. of Plate

No. 15.

58. Discussion of results.- The relations developed betweon unit

Ty o

hydrogroph properties end drainsge-aree chorscteristics are fairly well

B

’_h

defined by the dste uscd although r cPinements end improvements are desired

in time ond dota,., It is desired

o0

thet were not made because of limitetions

thet the curves be better defined and substa antisted by computed points

developed from other water shed T+ iz believed that ¢ more exact
expression may be found for eveluating the streem pattern of o basin and
that o rofinement may be introduced to distinguish between webersheds

for which the erea=-elevation curves have the seme average slope but merk-

-

edly differcnt shepese. A cheeck on the denendability of the genercl

5

relations developed will be made when sufficient discherge deta is

collected at rescrvoir sites to derive @istribution graphs , Exominction

- 16 -



of a few stage hydrographs thet have becen obtained at reservoir sites

reveals no conflicts between them and the shapes of the distribution

graphs estimated for those areas.

Distribution Graphs for Rainfall of Short Duration

L)

29. General method.- Distribution graphs were nseded for incre-

ments of reinfall with duretions as short as one and one~helf hours in

order to determine the splllway=-design floods from the spillway-design

storm, which is described in the paragrephs following. The peak discharge
accompanying a fixed volume of run~off on a given drainage arca will

vary inversely with the duration of rainfall from which the run-off is
derived. Since it was not practicable, because of limitations of deata,

to determine directly distribution grephs for storms of shorter duration

than 12 hours, the following method was devised by which the unit hydro-
graphs for 12-hour storms were divided successively into unit hydrographs

for six, threc, and one and one-half hour storms and then converted into
distribution graphs. The 12-hour unit hydrograph may be regarded as composed
of two hydrographs of one=half inch of run-off each and resualting from two
consecutive six-hour rainfslls of equal intensity. These two hydrographs
would be identical in shape end moy be obtained graphically as shown on
Figure L of Plete No, 15, By construction gr = gi, &, = gé’ cte. and the .~
resulting hydrogrephs are identical, each representing one-half inch of
run-off, From either of these hydrographs the six~hour unit hydrocgraph

or the six-hour distribution graph may be computed. The six-hour unit

hvdroereph may be broken down similarly into the three-hour vnit hydrograph
g J ) ¥ grapa,

i
-

from which in turn mey be obtained the one and one-half-hour urit hydrograph.



METHOD CF FLOOD ROUTING

%20, Goneral .- The cffect of natursl velley storege in modifying

the poak discharge of floods i€ commonly known. An accurste ov raluction
of it is necessary in reconstituting past floods with Ircomplote stage

records, in determining the resultant mein stem hydrographs from hypothet-

<
i

Lde

jeal design flocds on mojor tributaries, and in detormining the modlified

hydrographs resulting from reservoired storspc. The method uccd in

flood routing wes developcd in the Un ited Stotes Enginecr Office,

4.

Zonesville, Ohic, on tho Muskingum Wetershod Consorvancy Project,

C

%21, Basic principle.- This method is bascd upon the principle

that the r“tln of wvelley storage to & weirshted flow determined from beth
f

inflow and outflow

o given length of river va
this ratic is dependent upsn the physicel shenc of the wvelley within the

roach. In equational form the principle mey be steted:

There ¥ = R

o]
o
Fy
o 0
k‘ L—f
"'5
o)

2pe ineranart in reach in de.ymsecond
ospﬁnﬁln* weighted flow i
er soeccend,

3
1l
-3
tJ
=
(‘)
-
i3
i_l.
(%)
r-b

cemputetisn in davs or fractions of a deyr
'_)l

X = Frocticn of weighted fMow inerawnt that is dorived fron
t iAflcn';ncremcnt.

iy, ip, ctC., Total instemtenccus inflow in cubic foet
per second to o reech at bogimnings of
cuceossive time wnits (T).

per
suc-

d]_’ dgs G'*ZC.,

Pl
-
o

The mumeretor of the ecuation is the storegc increaont, which is equal

to the infleow minus the out tflovr in

ator is the corresponding welghted

O



second, The significence of the weighted flov increnent may be
& Y

visualized rmore easily by rearranging it in the following form:
‘ -1
(0 - &) *+ % {(_2 < a)-(ep - @) |

The first tern is an index of the "prismatic

the ncrmel surface slcpe, end the second term is an index of the
"wedge" stornge incraaent produced by the chenging slope during rising

and folling stoges.

2, Applicability of nloou routing method to Comnecticut River .-
PP 11ty

It is more difficult to detormine accurately the ef
upoh loeal inflows than upon the main stem inflow beeause the former do
not troverse the entire length of the mein river reach and thercfore are

not roflceted in the stoge et the upper end of the rcoch. Accordingly,

&

the smeller their magnitude in proporticn to the totol flow through the

reach the more sceurate will be the fleod-rcuting cemputations. The
Commecticut River Baosin is long and norrcw, =nd os o rosult the proportion
of dreincge arca tributary to any velley-storage recch sclected is usually

small conparcd with the drainsge oree subtended by the inflow stoticn ot

the head ¢f the reach. Owing te the

bary in-
flows %o ecch resch, there cre ne lerge wedges cf bockwater to alter the
synchrenized rise and fall of stege within the reaches., Censequently,
a fair degrec of ccouracy noy be exnceted from the application ~f the

flood routing method to the Conmnecticut River.

nothoed is baosicelly

%%, Selection cf reaches,- The fleod routiy

the camputetion of the relation between dischergc through c rceach and
valley sterege within the mreech, Since the river surfece 1s continually

being warpced by the desynchronized contribution of tributary dischoerges

L}
_y
3]
e}
(&)
L+
=
)
et
o
@]

end by thc veriation in rote of f the main river discharge,

t is cvidont thet the accuracy of computaticn of the wvalley storag

[

cffect will vary inversely os the length of the indlviducl rceaches.



Generally the number of reacheg is limited
the river for which relations of stoge te
o

of

by the number of

‘.‘l 3 ~
clscenar

o

ro have beoen deters

weints aleng

1incd,

These may be comvuted, of course, but actunl ficld necasuremenvs of dise
cherge throughout the entire range of stoge are much more accurate, For
the purpese of flocd routing, the Connccticut River wns divided into
seven reschcs shown on Plate Yo, 16, oxtencing from Dplton, Mew Horp-
shire, to Gildersleeve Island located 16.8 niles below Hartferd, Connce=

ticubt, In selecting these reoeches, cspecial attention wos ptid to the
square niles of loeel drainage srea subtended by the reaches, to the
locaticn of cxisting power doms, ond to the lication of ell nein-sten
geging stoticns of the Unitod Stabes Geologicel Survey. As 2 result,
it wos ssiblc to compere the computed natural outflow hydregrephs for

the 1927 and 1936 floods at the lover end of

tural outflow hydreogropis

cancerning these rcaches

3l

Accurzocy of

relations of

In Teble Yo,

.

)

5 are given

ticut River there sre

Geologicel Survey ond
as rcoch termini.

discharge rcleation

[

dote nccessary for

controlling the dischorg
little scour and fill

chenge appreciobly with

is affectcd by the fluctuation of the tides dur

not noti
routing computations.

35

Determination

five

Consequently,

cwell-rated ga

time. The

ccable during peoriods of flood flow vhen 1n

of Conneccticut River K's.-

it wos neces

lower port of

s

coripute %
in order

the river

termini are subject to

:s of the st

the

o

vy
s}

R

low water

9

‘4./

(K) of valley storag

discharge

cress

Connecticut

measurcd

I
A o
L L

several power dems, twe of which wore used

seccticns
relatively
cagos do not

River

by
v



plotting the peak discharges for three flood orofiles ageinst th

valley storage beneath them, determined from messured valley ocross sections
which were taken @ pproximately three and one-half miles apart slong the
main stem from Paper Rock below 1Hiddletown, Connecticut to lMelndoes,
Vermont. A total of 85 cross sections were measured, covering & distance
of 29,0 miles. The locations of thesc sections were selected at
representetive points, vhore they would give the most corrcet cvalua-

tion of the netursl storage of the vallcy. OCross secticns, totalling

3

25 in number, were also reken con the mein tributarics vhere the location

3 3

el miles from the mouth cnd tributery

0
-
I5)
)
@
n
o
<
o
= 'S

of the gaglng station
valley storege wes apprecisble. In computing the velume of nstursl valley
storcge for any reach from messured velley cross sections, it wes found
fhat the storage below low-woeter flow wes such o small percentege of the

totel storage ot flood times thet it could safcly »e neglected without

u

affccting the results, except where cxisting dems provided apprceintle pondoge
Tn these cescs, the volume of storage behind the dem ot lov=vater flow

was subtroeted from the totel storage when the rclationshiv of
discharge to volley storege was being determined.

%26, The natural nigh-water profile for eny flood is formcd not
only by the flood crest cdvencing domn the velley, but by the addition
of locel inflow, In flood routin coch of these canponents is cvalusted
separately. Thereforc, it was necesscry to dotormine hypothetical

profiles that would rcsult froa the f£lood eroste cdvancing dovm the

1ley olone. These werc obtaincd by cdjusting the 1927 and 19356 high-

o))
'_l-
by
C*.
jny
Q

vater profilc stages o +he lovels thet would heve been reoche
recorded outflow hed cntered the upper ond of cach roochs  The
hypothetical flood level et the upper end of the vecech wes determined
from the roting curve. The stoge differenticls throughout the recch

were vericd directly os the distence from the lower cnd of the rocch,

- 21 -



A third profile, ot sn intermedicte flcod stope wes cormputed, and the

velley sterage bonesth it mensurcd to defirnc mere connletely the K rela-

tion. The relaticns of wvalloy storage to discherge are shown on Plate

3

Voo 17, from which it can be secon thet X is apprexinately o consbant for
the ocntirc range of flood stage in esch reach,

%37. Determinotion of tributary K's.- When there Ls more thon cne

source of inflow (i.e., vhen tributories cnter the roach), it is =robrble

—‘_l

thet all inflow will not rise end foll synch
medified by rcservoir operotien. In such cascs valley stora
vith voriation in inflow, and o mere cccurate evoluatizn of its effect

can be madc by routing separately ezch inflow fro its point of entry into
the recch to the lower end of the reach, To sccomplish this, it wes neces-
sary to dctermine individual K's for sach point of inflow to the lover

end of the reach. This was dene by computing tributaryil's from the

gaging station te the mouth of the tributary by the use of meosured

cross sections and odding them to the main-stem X's from the mouth of

the tributery te the lower end of the reach, In the Comccticut River
Watcrshed, it is nossible for a port of the tributary vallcey storege
to ect twice in reducing pwmk discherges for eny cne flood, This is

wing to tributeries in the lower part of the wetcrshed precdischorging thelr
peak flows before the poek flow of tho

fluence of the tributarics with the mein stem. “hon

in the backwator offecet of the

l—"

natural tributery valley storege
mein sten, ects first to reduce the pesk discharge of the tributery enc
later to reduce the peok discharge of the mein staa. The valley sterege

in the lower Farmington River ceted in such o nmormer during the March

1936 flcod.,

H

%3, Detorminction of ®.- The X wlue wes obtained and the ratic,

K, was checked by plotting suceessive accumulaticns of the numeratoer in

- 22 -



the besic equation ogrinst the corresponding velues of the Cenominctor
for the 1927, 193% ond 1935 floods, using £ os the paremeter, The curve
approaching nmcst reerly to o gstrairht linc for exch flood satisfics most
closely the equation, end therefore, deternines repor X for the
reach. The retio, K, is the meen siope of thic curve, consicering the

scorulated numerctor to be the cbscissa. It wos approximotely in

agreenent with the X debernined from meesurec Cross scetions,.

39, Comparative merits of inflow-ninus-outflow co

measu;cﬂ velley cross scctiens *cr the determinoticn of K.- It is

-

desireble to deotermine ¥, the relation of wrlley storage tc discharg
both from an ncevmulaticon of successive cifferentials betireern inflow
and outflow and frem storage-veolume computations based uron field
measurcments of welley storage cross sections. The principal edvantage
of the former method is thet it reflects the sctual = r2llcy sterage
effect curing flcods of rocord. The attomp

orrors that erise from incccurscy of the stege-cische

both onds cf the rooch by sdjustment of onc or both roting curves.
However, & belence for the entire flood period docs not necocsserily

srovide an cccuratcly acdjusted rotine curve fer its antire stage ronge
i LY

"t

Fal

on¢ therefore, the differcatials bobireen inflow and «

0

use cof the inflow-

o
(o)
o
Q
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O
]
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o
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4
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3
oy
o]
3
]
o)
©w
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O
=
'_J
v
[

outflow nethed lies in tie deborminstion of the neen value of K for the

stepge range of o greet fleod fram the meon velue of K for the stege range

tions for o typieal reach shewn on Plete Mo, 18, The wilcy cross
section (Fifurc 1) was chosen as being typical of the lower recches of

a ]

the Connecticut River. In order tc determine & tvpical stoge-discharge

-23% -



curve £ me foobt for mile
vos assumed en” the discharge conputed from

“There Q = dischargs in

A = ares of cross sectilon in square feet
R = hydrauiic radius in fcet
S = ratic of fall due to frichion reach
n = coeffieient of roughness
An "a' value of .0% wes used for computing the channel discherge, enc e

value of ,075 for the overbank discherge, The stege~arca curve {¥igure

2), which is slso e stage-storage curve, gince smach of unit length

\

A

5

e

b

wes taken, wos cormbincdwith the stage-discherpe curve tc produce €

discherge-storagc reletion cs shown by Meure li. The relisbility of

)

Y

anarbension of this last relation is dopendent entirely upon the reole-
9,

tive proportions of chonnel and overbanlc cross-scctional arcos.

L0, Limitotions ¢f storag

computations provide & def

-

storagc within o rcach, if

obtained, but it may not

minor ond larger stremms tributoery te the roech,

truc in five of the scven valloy-storege reacies
River and the vellcy storege was increcscd os showm sn Plate Fo. 17,

Expcrience hes shovm in siniler studics on the Chio

Rivers thet the main stem vollo

20 per cont by this cdéitional sborage.

often obteinsble wwhere discherge records erc not, wd vill often
provide the only moeans of solution.

vrocodure.~ In flood roubing, 1j, 1

o),
-2 -
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are known, and it is nccessery to

=
equation for dn:
X - 5T + 5T . ¥ =KL = .5
d, = - JE = w8 g+ Lo S EL i, ¥ tr O
= X - XL+ 5T 2 K - KX ST K - KX T
N 1 3 - o2 K] el -
which is in the form dp = L,ln + Cqip * Cpdy
Where
C. = - ¥ - 5T .= KX + 5T ¢ _g - E? - ,?E
o ¥ - KL + 5T 71 % KL+ HT? 2 E - Xt 5HT

. C) R £ ne Adrnte
Graphs of Cos Cl’ and Gy, 28 abseissae with threo series of K 25 ordinaxves
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! 2 ~ord el o ; tebhular so. ion
wore interpoleted, end the flood routing corried on by tobular sclutio
ti £ 5 U ssive df The flood-routing cocfficilents for
of the ecuation for successive a's. L1 rlo routing coefficia

each recch of the Comncebicut River eore given in Tablc 5.

3 ; tien Rive
li2. Agrcement bebween computed ond actusl Cennecticut River

hydrogrephs .~ Tho hydrogrephs et the onds of the Connccticut
were computed for the 1927 and 19%6 floods by the routing mebhod andwore
then campered, as shown on Tlate Fo. 19, with the hydrogrephs deternined
from the stage rocords and the reting curves. The agrecment obteoined is

3w fartiogn of o mothod o 1 -
well within allcoweblc limits for epplicection of the methoc To produce

hypothetical floods and to determine reserveir offects. For the lattor
usc, 211 computed modificd hydrogrephs vwerc cdjusted by the dischorge
s = : fod ES

difforentizals between computed and sctunl natursl

11 )i & oend tl ature ¢ ~rophs of cora
to make the modified hydrogreths end the naturel hydrogrophs ol record

s

comperable.

]
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i
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Application of Flood Routing Hetho

Montegue City - Thompsonville Reach

Li3. Description of ilontague City - Thompsonville Reach.- This
reach is composed of the Connecticut River between Lonvague City, iass-

achusetts, and ThO”USOP“llLC, Connecticut; the Chicopee River from

Rircham Bend to its mouth; and the Westfield River from Vestficld to its

=

approximately ©.5 miles fror The

&
o]

mouth. Since Bircham Bend is loceted

mouth of the Chicopee River end Westfield epproximately 7.5 miles from
the mouth of the Westfield River, the amount of tributary vellicy storsge

is sppreciable, All inflow entering the reech ot these points end the

cging stetions of the

United Stetos Geological Survey. All inflow to the reach not entering

at these points is classified as "locel inflow® . The draincge arces of

the wvarious sources of inflow are:
Droinanc
Point Sq. .
ontague City 7,340
Bircheam Bend (0%
Westfield La7
Loecal 537
- b

Thompsonville Q,0%7

5

)i, Determinstion of X.- The floods

1936, ond e smaller computcd flood were used for determining K for the
reach. The volume of valley storage under eoch profile was dotormined
from measured velley cross scctions in the monner deseribed in Porographs

1.1

%5 and 36, The dische rge-velley storcge relotion s determined by these

1.

1dunl K's were dotsrmined

<3

floods is plotted on Flate No. 17. The indis

by computing separately tho K for the tributory from the peoint of inflow
iy < o

- 26 -



tributary to the lower end of the retca to obteodin the to

lowing is o tebuletion of the computaotion:

Tributoery i Main St K Totel X
. £
Chicopec L7 29 30
Flestfield .18 A3 A1

1.5, Detorminction of X.- The floods of Yovember 1927, April 1933,

end lMorch 1936 were used for deotermining %o To foeilitete the compu-

totion of eccecunulative velues of +he nurncrotor ond

besic equetion, it wes written as followe:

B)

C=-D

¢! o =
i 1l i
N
b+ o+
e

<]
il

S
1

B

Tn Teble 6 ore shown the cowmputetions for the April 1933 flood from vhich

Inflow hydrogrophs

et Vontngue City, Bircham Bend, 2o oubflow hydrogroph
ot Thompsonville were ocbtaincd from the United States Geologicol Surveye.
The hydrogrephs of inflow for the locel draincge cren were conpuied from
roinfell by the "distribution graph

and the outflow rotes ot the beginning cnd ond of the flocd are approxi-

metely the some, the total inflow wolume should equal thc total outflow

volumg. (The velley storage in

)
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atc.,

-4 ~ -~ - o L z .3
reinege creas cbove dem sives (1, 2, 3, cts.,)

=

in squerc milocs.
— 5 3 LR T ~ . .
Vi, Vp, vz, ¢tC., T Flood volumes ot dem sites (1, 2, 3, ¢te.,) in inches.

S = maiz - : ‘s
Lys Lo, La, cte. = 71, 72, 73, cte., = Dotios of roservoir copucitiocs
vy Vo ¥z to flood volumes 2t dom sitoes
g 57 etol )
(1: ~3 5: €LCa)

where 8y, So, Sz, etc., = Copncities of rescrvelrs in inchcs.

-

This mothod rssumcd thot ot the drm site tho moc
proportionsl to the netural hydrogreph. It is comsidercd thet this

assumption is well within the limits of crror that rosult in aprlyin

gencrel formulz. The ¥ retic corrects the relstion

s o RO B | e - s . 4 3 o ~ . 2 Y N S TN = R
£ ot the dem site fron velumo © rin-cff ot the index

in volume of run=-o

point. L in thc formule corrocts for the incbility to store tho cntire
run-off ot the dom site when the flood velurte is grecter than the ros-

ervoir capocity. Vhen the flood volume is less then the ressrvolr

copscity L should be climineted from the formule. The not

tary hydrogre]

{

for the Novamber 1227

Flood," ¢

o
!_J .
o
=
:
(%]
N
@
!
l,.l
<
=
=
2

rcduc

Eal

by individunl rescrvolr

4

ing scctions, vhich ere cpplics +tions of the formule describod in the



55. Deternminetion of modificd dischorges and stoges on the

Connceoticut River.- The modified discherges in the Connceticut River

were computed by rcuting oll inflow hydrogranhs as nwodificd by ros-

ervoired storage through the ncturel velley steroge. The modified

Connecticut River
19%6 and for the demonstration flood sre shewn on Plates e, 5, 9,

and 27 and are E_l"’(,”l in Table }.

56, Reduction of mein sten peslk dischorges by

S§BRYGirs.- Whereas the storsge in en individuval reservoir produces

<o

s measurable and generally dependable reduction of
tributary index points, its effect on a Connecticut Aver index point
is dependent largely on its action as pert of a group of reservoirs.

It is possible to compute the modified Comnecticut River hydrographs

for each reservoir by floed routing, edcded one by one to form a system,

3

e, for sach reservoir slters the

but theresults vould be misleadin
[ ]

b

flood-reducing possibilities of the next one. A more practicel and
representative velue was obteincd through the determination of an aver-
ege between an effective volume of storage incdoex, M,.and an effcctive
peak discherge index, M.

57. Volume Incex, M.~ This

1936 flood for which more complete
one of reccord, end {rom the "Demon
ot geging stations of the United Stetes Geologicel

able, snd otherwisc from rainfell

distribution grephs, were rovted individue



storase of the Commecticut River te the index points,
& £

dam site hydrographs, routed to the mein river index points, wore

obteined by proportioning from the routed tributary hydrogreohs sc-

cording to the cstimeted volunus of run-off at the dom sites and ot

the tributary geging stotlions, The e s then

where M =

¢ = 19%6 netursl peak discharge et index poict.
- VA . Aa 1 1 . s cavs o
Q = 1936 modificd pek dischrge st index point within limits

of possible reductions by & systam of reserveirs,

W = gmpiricel volume, a, b, ¢, ¢, ¢, botween netursl ond

]

)

cetive

-y

rodified hydrographs within tinge limits of c
<D =

storing. (Modificd discherge ot ¢ wis computed as

o general valuc delermined from o study of nuierous

modified hydrographs.
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58. Peak Discherge Index, W.- Within the tine

shove there mey be o considersble veriation in the shape o
dem site hydrogreph that, if stored, will produce varying officiaoncics
of peak dischorge reduction, but the some value of M. To correct for
this footor an effective peok discharge index, I, vhich ellowrs for

.

ime of the pook dischar

ot

degree of ccincidencc with respect te
. 3 T A o te hwErToerand e e
the neturel hydrograch andof the routed Gom SLUS DyCrograps, wes con

putcd by the following fo rmulac:
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It is noted thet ¥ would cquel uniby undor tho semc esnditlons Jor walea

¥ would equel uwnity. Volues of I, X end their asverage derived from

iv g

the Terch 19%4 2nd the demonstrotion floods for cll tributerics of the
. 3 s L m AT - I

watershed cro given in Tebles 10-12 inclusive. The probeble per cent

reduction of peck dischorge at each index point by each reservoir under
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Tt is normally expected that the probable volume of run-off per square
mile at any dem site above the index point is the same as at the index

point. The V rotio in the formule adjusts the i values derived from
v

the 19%6 flood to this normal expectency. From a study of the above

sketch it can be seen that, if the routed dam site hydrograph were pro=-

portional in shape to the hydrograph at the index points, ond 1f v
v

equalled wity, then I would equal unity.
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meximum possible rate of melting of e lerge accunulation of snow cover,
The meximum spring flood of record on most trituberies of the Cornecti-

e
&

cut River occurred during the period Iarch 17-25, 19%6, ond vwes formed

by run-off at & factor of 100% from rainfall that

from 3.1 to 5.1 inches anc by run-off from melting snovw thrt veried

from 2.5 to 5.5 inches. The grestest recorded depth of rainfull in

the aren effected by the storm ococurred ot Pinkhom

shire, and amounted to 1% .6 inches for the reriod

o]
HH
S
P-
[e]
=
[
O
L]
w
}._'.

nches ocewred in three doys,

N

s}
L3
o]
o)
o
o
=
Q
)
¥
=
{9
o]

infall intensity to time.~ Knowing thot in-

tensity of preeipiteticn during any storm period is secldon uwniform,

ond duration weos detor-

the relation between

mined from deta
States. DRainfell intensity studics for this croc huve been mide by
others for durctions varying frem 5 minutes to 5 deys. The results

of these studics, vhen converted from intensity to derth of roinfall
> o .

rephs of duration versus reinfeli derth

cnd combincd, detcrmine the g
3 o i

(&)

vrith probebls frequency of rceurrence &s paramcters as shoim on Plate

X 4

No. 22, From these graph

[£2]

it me

L=
reinfall whick will occur on the

veries from 3.0 inches

b

to 7.8 inches for the 72-hocur pericd of

w

tensity for thc some storm for pe

creases repidly, end the totzl deoth of reinfall smounts to 1.1 inches

m

for the maximum ten-minute poricd. ¥rom o study of oxcossive

i



short-time precipitetion 1

maximum depth

i

determined that the

to 1.6 inches,

records for ten recording

of rainfall

"Formulas for Reinfa
Eng., Trans., Vol. 9

x(1) Bernara,
An, Soce. C1v11

(2) ‘\11197111 CO Servwcy D.LQGI"‘ Ct ﬂS torm
Tech, Rep't., pt. 5, 1950.
(3) Yernell, D.L., "Rainfall Intensity

Misc, Puo. Wo. 20L, 1959.

63. Time of most intense precipita

AN

11 Inten
b, p. 532
Rainfall

m
e
cJ—

- Freguency Data,"

period of most intense precip nitation

duration of a storm. ral

Bureau for the twenty most

Providence, Rhoce Islend, meny of which

of the November 1927 storm at severcl

Plete Mo. L1 indicated thet the wmost inte

occur neer the mid-point of the storm perio

of United Stetses Bu

Studies

intense storms in the past

noints

eny time during

nfell records of the ¥, S. Viect

1

thirty years at

are shown on Plate fo. 29,

neland shown on

and

nse precipitetion would proboebly

reau for Corps of

/7 . -
&l me.xinua roainfoll

Relotions of

doptans to

imr vossible storms for which spilluays srtould be designed have been
determined in the past hy increcsing by & fuctor of scfety the

In order to
storm, the
gineers, U. S. Army, mede & study oi tho

topographic featurcs influencing the sb

all proposed dem sites. Since the

relotion of reinfell intensity to duration hos not yet been cemplotely
e.lysed or successfully evelu ted the reldtion of moximum reinfall

depths to durction was determined in the

- L3

metoorologicel conditions cn

ther Bureou study

frem the




reinfall records of great storms in the area considered. A graph show-
ing duration versus maximum reinfall depth in percentage cf the maximum

depth for one hour as determined by this study is shown on Plate ¥o. 27.

According to this graph, the meximum de

o

of reinfell for 6-hour and

‘d

12-hour durations are 2304 and 230%, respectively, of the meximun depth
for one hour., From this graph the depth of rainfell that occurs during
he one-hour period of greetest average intensity end cduring the one-
hour periods of succeedingly lesser intensity may be ceternmined es per
cent of the maximum depth for one hour end for a storm cof ony given
duration may be expressed in per cert of the totel depth of rainfall,

For a storm of any given total depth of rainfall ond duration the vol-

ume of rainfall occurring during any cme-hour period m

as the average rainfall intensity for that pericd end
the relation of rainfall in ntensity to time for thot storm. The re-
letion of rainfall intensity to time for 1.0 inchss of rainfall in
%26 hours with maximum intensity et the mid point of the cdurction was

™ T ]
[

determined in this memer ond is shown con Plote Fo.

5. Syncpsis of oir mass theory.~ ‘hen the tempersture of air

of o ¢certein moisture content is reduced bzlow the soturction tem-
ersture. vrecivnitation results. The reduction of tempercture is de=-
) I I

sduction of ctmospheric pressure

-
2
~
[0]

termined to & lorge extent by th

as the air rises to higher altitudes. Thus, the rote of risc de=-

o
=

termines the rete of meisture relessc. lolst oir mosses risc vhen
they encounter rising ground, and alsc when they meet a coldor,
heavier mass of air. In the first case, o topographic "front” is
established, and in the latter casc e cold "frout". £in vpward slope

is created between the rising ground surfoce and +the wmoving alr nass

and also between the cold underlying sir moss, end the upward moving

- Ll -



werm oir mess, Along those fronts precipitetion may. be expoctod in
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proportion to the moistur
the werm air mess up the resultant tepographic or cold uzir mnss slopoe.
When cold fronts are formed in the winter and spring, the moist air
masses arc rather stablce and their rates of risc os influenced by the

topographic or cold air mass slopes cre reletively uniform but in the
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summer and fall the cir masses arc less stoble booceusc of the gres
snd more repid chonmge of temporeture, snd once ceused te rise, they

moy move aloft elmost verticelly ot high veloeity. In the swmer and.
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66, Meximun depths of swmer or fall reinfull .- The moxinum

iy

-

hourly rcote of precipitation for e locsality, os dotermined by this
study, wos besed upon expected maximum conditions of verticoel oscent,
tempersture, pressure, and thiclmess of ths meisturc~laden oir mass,
he topograrhic feotures ond

The rots of vertical cscent depends upon
2

the conditions of the incoming older gir

moss it encounters. For the un moxims eX-

pected rete of zscent wos bosed upon the rote of rise rcguired to pro-
duce meximun knovnm precipitotions, The meximum molsturc contont of =ir

lnovn . The thickness cf the moisture-loden air mas sna the rcisture
content at vorious altitudes waes besed upen the results o
ction cs detornmined from
hour and thus

duration of one hour,

geveral dircctions,



depcnding upon the proximity of moist tropieal climes and intervening
ridges of topography, the maximum depths of rainiall for o cduration of
one hour as detcrminsd by this study v&fﬁ?from 3.0y to %.9 inchos,

" Portions of the wmtershed subject to siniler noaximum metcorclogieal
conditions are shown on Plate No. 23,

67. Maximum depths of winter or spring roinfell .- During the

vintor end spring the fronts ere rather steble and the rote of cscent
noy be dotermined from the assumed velocity of the incoming werm air
mass and the slope of thc teopogrephic or cold cir front. The lower
temperatures preveiling during these seosons limit the moisture con-
tent of the eir, ond the resulting maximum rotcs of precipitetion are
lower then those for the summer ond fall seasons, Tho meximum depths
of rainfall for o duration cf one hour to be cxpoctod during the winter
ond spring as determinecd by this study, very from 0.5 te 0.8 inches.
Portions of the wotershed subject to similar maximum moteorclogieal
conditions during the wintor end spring crs shewn on Plote feos 23,

68, Hoximum retes of melting snow.- Run-off from winter storms

mey be auvgnented by the water from melting snow cover. The determina-
tion of its maximum emount is bosced upon the rwxinun deoth of snow that
mey oceuulate at coch locality tnd the mmkxinmun rate of melting. The
first of these is determined from o study of nest rocords of snov fell
md the lotter from the day=-degrec accunulotion of tanpercture nbove
freezing, The resulting estincted maxinum rote of nclting o
cover is 1.2 inches of water per day for thet portlon of the wntershed
in the upper holves of iew Foapshire end Vomiont, and 1. inches per

day Ol S('}"-."';'he re.,



Weather Burecu ond Investigetions frorm oto of Record

9. Relotions of reinfall depth to dursticn .- The relotions of

vl
roinfall depth to durction vere determined fron reinfll rccords, ond
since all the recont studics of this noturc were node froa appro

the sane records, thersulting relations sheuld be in clese aceord,
For purposcs of compariscn the relations of rainfall depth te durstion

were plotted as time wersus percentoge of the depth for cone hour, ond
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are shown on Plete No. 29, From thesc graphs i

depth of raoinfall for the 12-hour pericd of maximun intensity is 230

per cent of the maxinum depth fer one hour, o8 determined
Wenther Buresu study, tnd 190 per cent from the sther studies. This

difference nust result from the dotin used in the studies and the in-

dividusl trectnent of these date.

70, Haximum swmer or iall sterms,- The grectec
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sicdered occurred in thon one day end
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varied in mesrn depth from 1.6 inehcs on 20 squirc niles te 11.3 inchos

on 500 squorc milos. The meximun swmer or 211 sterms, as determined
by the Weother Burceu study cre shewm os grophs of dursticn varsus oc-

Flete No. 29 Frew those

cumleted meen depth of reinfoll on

it is scen thet the noximr toto

vo.tershed ccecrding teo the topographi

relaticn of depth of reinfell fe size of

nined in the ¥esther Burceu study, w
cluded any eveluction of the topogrethic effect by o study of the

storns of record. Assurning the moxinum depths of r cinfaell tc be ex-
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ege arcaes of 50 squere miles, grophs of drainege orea VOrsus noin
depth of roimfall for variocus portions cf the wotershed wore deter-

mined from the relaticn of &

5
0]
.,

storm of record in north

No. 29. Fron theso grevhs it is soon that the nmazimm ncen dopth of

rainfall cxpccted to occwr in %5 hours on o droinsge arce of 20 squire

! o 5 ; I I qarn D n e g . I
nehos and on o dreinege srec of 500

f

nilcs varies
square miles varies from 9.4 to 11.0 inches.

71. laximum winter or spring storn

.

irmn winter or spring storms os deternined

0

study are shovm s grophs cof duration versus ccceuanulated moon depth

of roinfall on Plete Ho, 29, From these grophs it is scen thot the
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from 4.5 te 7.0 inches

to the topogrephic cffcets upon the sir nescs,

run-off from nclting snew cover varies from 1.2 %o 1.y inmches on dif-

ferent portions cf the wetershed cng must

frem reinfell. The groateost twintor or spring

. 4 - . . . Vs
sidored cccurrcd during the pericd ierch 16-02, 1975

500 sguore niles The center of this storn occvrred in the nountoincv
2 ¢} ° .

region of Wew Hompshire, Jjust ecst of the Commecticuvt River Yatersred,

and the rugred tepogrevhy in this regim urdoubtedly hod morked effect

upon the rote omd volune of precipitrtion, The meximum nesn depth of

+ . N . /£ N . . P
Hereh 16-22, inclusive, 19355, ccourred o the Chicopee River o%

Bircher: Bend, enc smcunted te 5.1 inches, while the mmodinum rune-cff

R )
Yoerth
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Hartlend and amounted to 5.5 inches. These walues ere wrell under the

maximum to te expected, as determined by
Graphs of drainsge area versus mean depths of rainfall for verious por-
tions of the watershed were determined, as for the summer sborns, from
the maximum depths of reinfall in 35 hours from the Weather Pureau study
and the relation of area to depth from the grestest storm of rccord,

and are shovn on Plate No. 29. From these grephs the nesn depth of

re aree cf 20 sguare

£y
7

rainfall cxpected te occur in %26 hours on & draine

miles verics from L.7 to 7.2 inches and on & dralnegc croa of 500 square

miles verics from 3.8 to 5.8 inches.

r £211 storms.~- The tobzl

72. Adoptod su

fall during the su

report are shovm os grop
on Plate Ho. 29. Theseo

the reletions of drazincge arco

211 during the surmmer or

the swwer or fall

design storn

o

the wetorshed similorly identified cnd shovn on Flete Foe 23, The

for these storms vics

determined
e85 & groph

7

£al1l in 36
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reinfall on Plote Ho. 29. Those grophs worc de nerocsing

arCa

20 squore miles veries from 7.0 to 10.9 inche

varies from 5.7 to 8.3 inches, The

snd govern those porticns of the wotershed similorly identified oad

&
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to pess o given discherge using the most econcmicol spillimy scction
pessible, The physicad charoacteri

approach chemnel such as height o

motorial of the epproach channel,

the ability of the structure te pass the discharge. A detallcd ovzlu-

otion of thcse factors is, therefore, an cconoric nocessit ; ond they

are treoted in the following. For this report, to care for To.otors

which cculd not be evalusted ot this time, safety fectors of 10% wero
applied te all discherge cocfiicients excernt for those structures over

100 fect in height where o 5 per cent facteor vms usad.
spillwey dischorge coefficient et each dem site is given in Toble 1h.

76, Bibliography.- A bibliography of pepers on theory and gXe-

-

perimental dete related to spillway dischorg

arc referred to in subsequent peragrophs arc

¢

1. Ogce Spillwey.

%] Bazin, H., "innoles des ponts et chous

x2 Horton, R. E., r Bxperimeats, Coe
Formulas", Gcol. Survey, Weter
200, 1907

*2  King, H. ¥W,, "Hon

%2 Russell, Gs B., "

*% Schroder and Turncr. F
Trons, ASe C.E., V 1

%/, Cline, C. G., "Dischorge
Crestcd Suppros

100, 1975, Pge 290.

%5 Creager, . P., 'Ingincering
Dil , C., "Untersuchungen an Jebor

Iitteilunﬁe“ des Hvdra“lxu hen, 1hmni

¢, Ho & Doid, L., "Hedel Rescerch

ivil Enar., Jarusrv 1935,

x8 Negler, ¥, & Dovis, L., "“xpcr1wgw+s on Dischurge ~ver

1
Spillways and Models, Keokik Dem.' Prececd. A.5.C.5.
February 1329.

2. Saddle Spillway.
*Q Bakhmeteff, B., "Hydraulics of
%9 Thomes, H., ““hc Hydraulics of
19%7.

% Side-Channel Spillway.

rmels?, 19%2,Page 35.

-
remeonts in Divers,"

*10 Hinds, J., "Side-Chammel Spillweys: Hy iraulic Theory,
Fconomic Factors, snd Expurimertal Determinetion of

. Losses.” Procegﬁdn.o:C.E. Sept, 125,
*10 "Dams and Contrcl ¥orks. ' Dent. of Intericr Publicaotion 1929,
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L., Horning=-Glory Spillway.

x11 Kurtz, F. & Jacnichen, P., "Hydraulic Dosign Anal
Pleasent 1ill Dan Anclysis of Design. 19%5

%11 EKurtz, F., "Hydraulic Design of tho Sheft Spi
the Devis Bridge Dem, end Hydraulic Tests on ¥
lodels." Trans, LeS.C.E. Volune 83, 1925, Page 1

77. Ogec spiliway.- Stondard proctice is to basc the curve of

the spillway on the profile of the fully ventiloted nappe of vater flov

ing over & sharp=crcsted weir. This prectice is founded on the theory

that the presence cf a sclid structure belew the navpe, and in irmecdicte

cortact with it, will not appreciably affcet the coursc of the frecly

fallines particles of water; thet is, neither 1111 the noppe tend to
g H s &p

L

spring lcose from the spillwmy frce, nor will it exert pressure upen it.

This is not essentially true =s the presence of the sclid structuvre
below the noppe irmedictely reduces the stotus of flew to thot of

wnventiloted condition with the rosulting

positive pressures ageinst the structure. Since negetive pressures
ore structurslly undesirsble, design by this nethod producces o small
g1 95 b

desired factor of safety. The spillway profile upstresm from the
P i J T

conterline of the crost designated as the o

experiments on seratcd sherp-crosted vieir jet profilcs as derivsd by
Bazin, %1, the results of which are shown on Plete Fo. 31
The spillway face or dotmstresm sevebien is derived from o mathenntica

continusticn of the Bezin jot. The meximun spillway surcherge used in

compating the profile is

theorcticel cxpressicn for the flow cver a spillwey is given os:
()
0 = C*HE/é
where Q = theoretical discherge in c.f.s.
T =2 b o
i

L = effective length of ¢ s
H = measurced head in fect, end

¢ = the coefficiont of discharge which deoinds
upon tho shape of the crest, veloeity cf
approach, ctc.



Many attempts have becn made to exporimentelly cviluote the

value of the coefficicent "C" by usc of the shorp-crested weir, *2,
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Eech experimenter go
from those of other experimenters,

deta over & definitc ronge of hecd

and Turner, ¥3%, produccd in 1313 at Corncll University anc showm on

i

Plate No. 31, Fig. 2. A mcthematiczl enalysis of 211 existing detc
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Zehbock, snd Schroder smd Turner, is showm on T

73. ‘teasurcment of hecd.-~ The mecsurcment of the head in shaorpe-

ts is tekon s the verticol distanco

erosted vwelr axperimen

head is meosured chove the weir. 4&n insvecticn of the PBozin curve for

o2 vertical=-firced eir




Conversion of the head at the weir crest in the

N

experiments to head &

ct
w
e}
I,J-
._.I
”
=

vy erest cnd

cherge formula will result in now velues of the coefficlent "C" cs

shovn on Plote ¥o. 31, Fig. li. Coefficients renging from 3.5 to L.
» & e

03

for the sharp-crested welr

i between 7,9l and ;.20 when converted

to spillwey cocfficients. Tt is believed thet on exnct experimental

m

enalysis will point to & singlc value for "¢" for the design head, The
assumption thet 0,110H is the difference in elevetion betwoen velr snd
dsm crest for low heights of structure involves = small percenteoge of

1

error as the limits of flow lincs cpprozchin crcests of various

e
-’.
5

@

heights of structures simuleke Bozin's curves ¢, ¢, £, ctec., Plote

No. %21, Fig, 1, in w

vich the foctor becomcs 0.089H
3

etc., respoctively.

Q

ocfficient, "C", ot the dosign head.- The single mox-

9.

~

vt the design head

Vel

for all heights of structures has

]

imum value of "CY

C!

been accepted by W. P. Creager, x5, vho derived C = 3.94 from dote in

Horton's paper. Experiments by Dillmenn, 6, in Munich nnde in 1933

found this value to be cbout 5.0k, Rouse =nd Reid, *7, in experiments
et the Eassachuéetts Institute of Technology found this value o be Li.ot.
A velue of ;.05 for the welr crest was brought to 11,02 in one case,

shoving thet o small veriation in dischorge may be e xpocted with the

filling of the undor-nap with nasonry. This mey be accounted for by
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study of discharge moocsurcments on tho ccetusl structure and mocel of
the Keokilk, *3, shows thet discharge neasurcments follow the 1,01
ol yalue for the design heed. Any increase in the crest section, over

thet shown by Bezin, with the flow cdhering te thoe crost will rosult in

=r
22



positive pressures. In general it may be ssid that positive pressures
in the region of the crest sre accompanied by & decrease in the dischar
céefficient vhereas & negative pressure significs that the coefficient
is increesed. The need for meintaining the theorctically perfect

nose is, therefore, apparent. As stated by Rouse £nd Reid, "A
hydrodynamicel approach t§ the problan of curving flow, such zs that
over weir crests, shows thet conditions et eny point in the flow are
dependent upon thosc directly upsﬁream. It hes becn demonstrated by
Bazin snd other investigators that eny chenge in the crost of o weir
will result in a chenge in the naépe profilel For ony modiiicetion

of the nose the cocfficient "C" will wvary from 4,0l md the degrec of

change will nced to be detormined by model study.

80. Cocfficient, "C", at heads othor thon design hoed,- For
e spillwey designed for o given head, the ;.01 coefficiont mey be hed

nly for thet hecd, A smellor head on the crest would hoeve & nappe
lying within the spillway profile, cnd, therefore, positive pressurcs
with accompenying decrcases in the discharge coefficient« Bxporimental
velues for the full range of coefficicnts cre given on Plate No. 31

Fige 5.

31, Allowonce for velocity head end friction loss in approach

channels .- For this report, the definition of surcharge on a cdam is

the difference in clevetion between the crest and the still pond. As

previously mentioned, these coefficients apply to the heed £t o veint

just upstrecm from the ercst end yet so remote from the dan as to avoid

it
el

effects of the swfsce curve =nd H = depth of weater + valocity of head.

Where the epproach channel wes of 'sufficient longth to entall friction
loss, water surfece curves were computcd to still pond eclevation to

3

determine the surchorge., This gove & corresponding decrease in the

-5 -



full renge of dischorge coefficients.

82. Seddle Spillway.- The saddle spillway is & brosd=-cr

weir with o downstrcem slope, the crode of the slope ¢

<o

1ocotion of the control, Discharge at the contrcl is

cherge end may bo computed by

e Ve
G = & va / b WV I3 *Q, where

dischoergc in Cef WS

Q

o = aroa of cross secction in sgUWRre

b = width of soctﬁo” et water surfcc

g = acoelevftion dve to gravity in f
sceond per secon d

Should *the contrel be removesd covmstrsom from the swyil

surcharge is computcd fyom the eontrol by bockweicr computaticns.

heed loss due to entrancc by sdding Y per
velocity head ot the crest to the hend ob the crest.

ficient in the formula Q = CLH /2 for critical flowr is

8%, Side=channel spillwey.- There is little pre

osted

letermining the

channel spillwey design other ther the works of the Burecu of Reoclamaktion
¥10. A theoreticel onalysis of their desigr methods published in the
Proceedings of the Americen Socicty of Civil Ergineering, in September
1925, by Julian Hinds, is the basis of design for this report. Ir.,
Hind's snelysis is predicated on the hypotheses thebt the ecnergy of flow
over the spillvay-crest is entirely lest in the spillwey chomel and
thet the flow moves off et right angles to the directiorn of

inflow due tc slope mcoguircd mementum. The spillvey may be divided into
threc scctions as follows: the ogec spillvey crest, the ocutflow chen-
nel sbove the control, snd the ocutflow channel below the conbrol. The

ogoe spillwey section is cdesigned as an ogee dem to the

discherge cheracteristics of this section are as previ

The control or point of criticcl flow mey be lcce




designed to sufficiently remove the flow without crest submergence.

The scction below the centrol is designed with e
discharge the flow ot & depth below critical.

3. Horning-Glory spillwey.- The morning-glory or sheft spiil-

way structure is = combined spilivwey end conduit, *x1l. The morning-

v

glory scction is & modified ogec ssction, the crest being circulor in

form. The dischergse mey be treated os for the ogec dom to the sub-
nergence linit with reducticns in the crost lomgth duc to training
piers, which may be evelusted ot L.5 per cent of each

centraction. The tummel systom is desigred to pass the required dis-

{Repert continued on feilmiing poge)
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Determineticn of Spillway Sizes
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within tho 1life of sach proposed flood-contrel resorvoir, its prosent
intended use for flood control mey be medificd in fever of ussge for In=

creasing the low-water flow for benefit of pewer cor cthor conscrvitism

uscs. Under such conditisns, the reserveir might be filled to spillway

crest at the bime of the spillwny-design flood. The peossibility is far

wmore remete for a roservoir with sutomatic outlcts
is for one with grte-controlled cutlets. Therefore, wherever: futematic
outlets are used, the rescrvoir peol clevation at the beginming of the

a

flocd is considered to be ot the boettor of the outlet, end feor all pros:

posed rescrveirs with gote-contro

86, Conditions of cutlcets.- It is cssumed thet cutlct gotes may

4
b

be frozen in the closcd pesition or renderod incperable end the sute-

S in some othor mouncr

m
)
[¢]
—
O
[¢2]
[¢]
-~
[
3
)

m&ﬁic outlets may be clogged with debris
at the beginning of the spillway-design flcood. This criterion for
automatic outlets cdoes not aeffoct the criterion o
cerning initinl pool elevetion, the reesoning being thet eltheugh the
sutomstic outlcets are clogged with debris, so os to reader thelr dis-

1

cherge copacity ineffective curing the spi

&

[

lyay-design floos, the cloor
opening will be sufficient to kecp the resaervoir epby curing

nnormel stream flow,

387. Geoneral procedure of dotermining size of spillway.- The type

coch site is thet which will pess the

end size of spil
spillway-cdesign flood without endengering the safety of the dsnm structure

end result in the loest totsl cest of rescrveir. For eny given maxd

surcherge on the spillway, there is a corresponding longth of spillwey



that will meet the first requirements. A4lso, there 1s a defin]

+-
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(=1

mum spillway surcharge with
Eal

produce the least total cost of reservoir. The first step in the solu-

tion wes to eveluate the s~illway surcharge versus lengbh for sacn si

spillway crest, vhich ig considered fixed, the meximunm surcharge on The
spillway, snd the design freeboard, which is elso fixed es described
T 3

dem will vary directly es the maximum
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surcherge and, therefore, the cost of dam structure vroper vill vary
directly as the spillway surcherge. Since the cost of spillwey varies

directly with its length, which verics inverscly with the maximum sur-

charge, tho cost of spillwey will vary inverscly with the SUr-

charge. Accordingly, the most economical combinstion is found by evalu-
sting the total cost of raservoir versus surchorge and selecting th

point of minimum cost.

ot . e o e e )
33, ilethed of routing flcods over srillways.- Given the hycdrograph

‘resultent pool elevations and
The method vscd in the solution of this problem was dorived end applicd

Co 4
¢ is egual

ment of gross cepecity withheld es surcherge storcgc. This cguation is

¢ of the rotes of flow a2t the beginning

(]

. and ond of the time incereent, the felleowing cquations cen be written:

Ll



in which Dyo = volunc of snillwey dischorge in ecre-fect.

¢, and dy = spi lvay éisc"&r cubic feot

increment

Il o = yolume of inflow to resoervelr in ccro

il and 12 = prote £ inflow
et per sccond

time incroment.

sl an = inereneont of gross capaclity in cera=Yect.
-
$1 end S, = gross cupoeltics
[ o ~ o

md end of tirme increnmente.

t = time increment in facbinns of = dey.

In equaticn (2 & end Sy alone are WMo, Their gren
is dependent upon the frct thut they cre both furctions of vpocl elave-
tions. Two curves of pool elevatinn versus td (velume of dischurge in
acre~fect during 1/2 the unit period, t) symmetricnl with rospeet to

the pool elcvation oxis, and with sceles the sne &s those of the pocl
elovetion versus gross cepecity curves, arc drovm on 2 shoet of trans-

nerent meterinl, Reforonce is mode to Plo

elevetion is increasing, ond for two successive time incroments whi

the pcol slevetion is deersasing. The sheet of transperont moterial is

suporinmposced upon the copacity curve of the rescorvair, ond continually

- A -



kept oriented with respect to
(1-2) the velume (I 2) is laid

gross capacity curve with the

until the t d (right) curve pes
(sq + 11_2). The pool clevetion at the end of the time increment is
found =t thc interscction of the t d {left) curve ond the gross copeeity
curve. The sclution obtained thusly follows through the eguation in
the order in which it is written. In applying this method it wms found
adventegeous tc scrateh the t d curve on thin, tronsporoat collulose

sheets 4o which wooden stroight edges were stapled parallel to the t 4

exis, T
nd a wel

steps of

curves for seversl

design criterisa

h gize of spillway.

)
)
)

putations repeatcd for

89. Detcrminction of maxirmm surche

[@]
Q
Qu

relations .- The spillwey-design f1

the rcsorveir described ebove, wos routed

the rcscrvoir snmd cover the spiliway crest by

for various iengtiis of spillwoy To dethe
J

discherge, Tho odepted surcherges and

vestigetions to be negligible, At Victory, Priest Pond, ond Birch Hill
dem sites the spring spillvmy-cesign flood preduced the grestest length

duced the grestest length of spillway. In genercl it wos found thet

surcherge store is negligible compared to the flood volume, ord



therefore, it reduced the peek dischorge of the design fleod but

quently, prime

velucs of pesk

mun surcherge, The veluc moy be es low os 1.0 foct

L]

propoer provieirns ore nacde in the snchor cosim,

heuld be & furcticn of the fobtch cxposure te weve setion on thoe up-

stresm foce of dem snd the

The frecboerd wes conpused as 3/ of the wove helght vlus the veleclty
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hoad of weve velocity toker

h+1.5 VF +2.5 - \/ F (Stevensen's Fornula) ced V= 5 + 2h in

vhich h

purposc of this report, the freeboard for sorth s 5,0
foot in all cascs cxcept Lower Neukeoo where 1.0 feot s used,
Out%gzi
91. Basic factors.- The foctors considored in doteridning the

voir with ovtlets opon

the mexirm pocl eloVe r ond gnpty rese
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interpolating for the outlet 2t Ccorres-

ponded with the elevetion of

95, For the reservoirs with grtomcontrollcod outlets

Geseribed ahove by the

outlet dischorge should be groater

cherge ot the damege center., From o study of dem site flnocd hydro-

= s

River to the mein demege cenbors, the foctors by vhich the maxinum cut-

let discharge described sbove wore multirlied to odtain the cutlet
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sizes and Sypes of getes cre shovm in

to mect the best stendards and grectest cconomics in desigr.,

in 100 ycers. The prescnt designs contemnlate outlets at the clevetion
of the stream bed end suillvaey crests with constont

Fab

at mcdium floods, it

O
fde
a1
«n

this gives fair cfficicncy of use of the rescry

[N

s belioved thet detniled design studics will show
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onc eltcretion of

then onc elevation an

vetions below the presently considorcd splllway

nf such tontetive chrnges vould bhe snacll

101. The rescrveirs

to cbtein the grectest rcdun

thet from

ters below them. Comtinuous study

future occurrcnces will form the bosis for detailed oporcting ropulotions.

The reservoirs constructed for flood control

all timcs vhon the steges in the river below

o outlets requirec fto puss

rescrvoirs till be empticd et o rate thot will

-os bolow them within chennel bonis. For the roscrvoirs ir vwhich



POOL ELBVATION FREQUENCIES

102. Frequency cf rccurrcnce of pool
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1. Introduction.- The Conmnecticut River Velley is often visited

by floods, which have caused heavy losses, Flood losses will become
jnereasingly severe because of the progressive urbsn and industrial de-
velopmente The flood of November 1927 and the flcod of March 1936,
desoribed in Section 1 of the Appendix, resulted in severc losses,

which provide the basis for estimating average annusl flood losses, and
the economic justification of protective mecasures. Data on the 1927
£1lood losses have boen takon from House Document Woe 412, 7lLth Congress,
ond Scssione Data on the 19% flood losscs worc asscmblcd by a thorough
investigation in collaboration with agencies of the verious stetes.

The watershed wes divided inmto demege zones; losses were segregated into
recurring and non-recurring losses; recurring losses were allocated to
the demage zones; and the variation of loss writh stages determined, From
this stage loss relationship of reccurring losses end results of the hy-
drological studies the average annual loss for a given degree of pro-
tection was detcrmined,

2, Definition of direct and indirect losscCse.- Flood losses arc

grouped into two general clossifications; namely, dircet losses, and
indircet losscse Direct losses arc thosc rosulting from physicel damago
to property or capital goods, and may bo mcasurcd by tho oxpenditures
ncecssary to replacc in kinde Indircct losscs, though tho result of
dircet damages, arc not loealizcd and arc primarily concerncd vrith the
valuc of scrviec and usc, cither lost or made nceessary by rocson of
flood conditions,

3, Types of direct flood losses,- Direct flood losses were

summarized vnder the types used in the basic project revort, Fouse Docu-

ment No. 412, 7Lhth Congress, 2nd Session, which are as follows:

Urban losses include losses of homes and places of habitation located



in towns and cities, losses of sanitary and water supply freilities,
damoges to educational cnd religious institutious, parks cnd pleygrounds,

and miscellancous municipal lossess

Rural losses include similar losses as indicated for urbon areas
but not located in towns and cities, ond in cdditionol lrnd, crop and
livestock lossese.

Tndustrial losses cover cll monufacturing light ond power devclop=

ments, tclephone cnd telegroph foeilitics, fucl <nd potrolcum products
losscs, cte.

Highway losses include all roads and pavements with appurtenant

-

drainage structures, bridges and viaducts, and highway trensporiation
maintenance and operating eculpment.

Railroad losces include track, right of wsy, bridge ond culvert

losses, loading, storage and Terminal feeilities, stocks and supplies,
and troin equipment.

lie Claosses of indirect losses.-— Indirect losses may be divided

into three general groups as follows:

a. Losses reclated to the five tyuwes of direct losscs, de-
scribed in the preceding paragroph, chicfly cffeets of
direct damupe becouse these losscs rosult mainly from
loss of usc and service by dumngc cnd inundation, ond
the temporcry and cmorgency scrviccs made nNCCCSSETy be-
causc of such oon.itions.

be TIntangible losses, which result largely from mental re-
2 (&) ¢

actions originating from adverse conditions and appre-

o
®

nsion of future floodss
c. Depreciation of property, which is the result of all
disorgenizing influences because of floodse

5. Direct losses of 1927.- This flood caused damages to property,

- 70 -



estimated at $15,506,000 for the entire vatershed and resulted in the
loss of 21 lives, It is to be noted that losses werc particularly
severe in Vermont where 707 of the damage occurred. In the upper
watershod most of the damage was to highways end reilronds with the
White and Passumpsic Rivers in Vermont ond the Ammonoosuc River in ,
New Hompshire sufforing o mejor portiocn of tﬁe lossese In the lower
basin conditions werc quitc different from thosc in the other creds,

for about 65% of the cstimoted demages werc rurcl, urben, ond industricl,
of which 90% we.s clong tho mein rivor, Reilrood —nd highwey diwcges,

on the obher hond, were mostly m the tributorics. Tabloe 16 gives o
summery of 1927 flood losscs by statcs; Toblc 17 o summiry of losscs by
rivor basins, coach subdivided into tho five clissificotions dcseribed

in Poragraph 3. FPloto Noe 33 shows grophically tho distribution of

lossecs in the watorshed.
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COLLECTION OF 1936 FLOOD LOSS DATA

6« Preliminary investigations.- In order to obtain reliable and
detailed data of the flood, all available persomnel were assigned to
duty in the flood area to assemble hydreulic data, flood-loss data, and
other information of a pertinent nature. The mein Connecticut River and
most of the principal tributaries were visited by field investigators,
either during the height of the flood, or as near thereto as was possible.
Numerous informal interviews were had with Federal, state and local
officials, civil organizations, and representatives of private interests,
Wherever possible, statements were obtained as to flood losses sustained
in each comrunity. Where no estimates were available at that time,
but were in the process of compilation, arrangements were made for pro=-
curing such information, when aveilable. Where locel estimates for
various reasons were not available, revresentatives of the Department
made their ovm estimates of the losses, with statements as to their ideas
of the reliability of such estimates.

7. Investigations for this report.- The preliminary estimates

were followed by an extensive field end office study which hed three
objectives:

]

a. To arrive at thorough estimates of the direct losses

sustained in the flood of 19%6 in those damage zones

of the main river and on those tributaries located be-
low reservoirs in the Flood Control Plan for the Con-
necticut River, inasmuch as only losses in thesc locali-
ties would be subjeét to any reduction by mcans of
flood-control reservoirs.

be To ascortain the relationship between flood losses and

corresponding river stoges. Knowlcdge of such rclation-
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ship was necessary before the value of the alleviating effect
of flood control works could be determined.

To collect data, which coﬁld'be used as a basls for estimating
indirect losses, which in the aggregate reach serious propor-

tions althougl they are much more widespread and often of an

intangible nature.

Several methods of approach to the problem were relied upon:

8.

Contacts were maintained withh those agencies which in the past
had been instrumental in gathering flood=loss data; additional
contacts were formed with similar organizations with the idea
of instituting such further investigations as could be ncgo-
tiated.

Correspondence with many interests in the damaged areas was re-
lied upon to augment and clarify the many wegue and brief ref-
erences to loss which were the natural result of the hasty in-
spection ‘during the height of the flood. By this means also
meny items of loss, not hitherto known, were discovered. In
other instances, it was found that some of the early estimates
were distorted. Those were revised in the light of the latest
investigation.

Investigators were assigned to study, progrossively and as
thoroughly as time would permit, the physical cmditions pecu-
liar to each type of loss in each important damage center.

Cooperation of other agenciess.~ Whenever possible during the

course of his investigation, the field investigator attempted to get

from any availeble source a reliable estimate of the entire damege in

that area, indepondent of any similar figurc which might have bcen

arrived at from other sources. Thus the data in the office files were

given an approximate check and in many cases could be revised in the

light of later developments, Sinec, howcver, organizations in meny
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localities expressly created for such purposc had made a thorough study
of total direct losses, such information was used to a great extent and
the efforts of the field investigators concentrated upon other lines of
investigationse. The exchaﬁge of informetion also gave assurance that
no duplication of effort or waste motion would result. The fine degree
of cooperation existing between representatives of this Department and
several of the more active local agemcies engaged in the compilation
of similer date worked to the mutual advantage of both agencies.

9., Investigation of stage-loss relationship.- An important Ay -

of the field investigator was the collection of data to disclose the
relationship between flood stage and flood loss. For this purpose,

the most important damages in each flood damage center were investigated.
By means of a comprehensive questionnaire and with the aid of the owner
or a representative, it was determined, for eccch property being investi-
gated, at what point, below 1936 flood crest, damage begen, ond also,
wherever possible, the increase in loss resulting from successive in-
creeses in flood stage wntil the crest was reached, As closc an estimate
as possible was also made of the additional loss which night result
should a flood occur in excess of the previous maximum flood. In general,
statements, of individual firms, home owners, farmers, utilities, etc.,
were accepted as being correct. Where there was considerable variance

in estimates of loss, or owners were reluctant to meke estimates, the
representatives of this Departnsnﬁ submitted their own idea as To the
amount of loss,

10. General deseription of 1936 losses.- The unparallelled dis-

aster and magnitude of damages resulting from ice and high water is
monifested by the fact that in the large industrial and urban centers

of the lower valley, stages were from six to eight feet highor than in
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the 1927 flood and remained for about a week above the level of the

1927 flood which had been the greatest since about 1850, The flood

wes responsible for the loss of at least 11 lives ly drowning and one

by suicide., Nearly 10,000 homes were inundated, thousands werc made
homeless, industrial plants were damaged, traffic routes were intorrupted,
agricultural lands were destroyed by crosion and silting and much live-
stock was lost,

11. Amount and distribution of 1936 direct losses.~ The totafl

direct losses are estimated at $3l,500,000, Tables which show the dis-
tribution of this total by States and other subdivisions may be briefly

described as follows:

Table 18 - Direct losses by towns, State of Vemont;
Table 19 = Direct losses by towns, State of Hew Hampshire;
Table 20 - Direct losses by towns, State of Massachusetts;
Table 21 & Direct losses by towns, State of Connecticut;
Table 22 - Direct losses by States;

Table 23 - Direct losses by river basins.

Plate:Nosc3l, shows graphically the distribution of 1936 direct flood losses.

12. Losses %o agriculture in 19%36,- Table 28 gives an indication

of inundated areas and thé extent to which agricultural lands were demged
by erosion and silting. This cmdition is quite sericus in & distriet
where all arable areas are fully developed.

13, Benefits of precautionary measures.- Losses would have been

much larger had it not been for precautionary measures used and heeding
of flood wernings. Complete figures are not available to show the value
of damages prevented by flood warnings, but this may easily amount to
104 of thé dama.ges. Had not electric power failed, such savings would
have been larger. The "Springfield Observer" stated that flcod warnings

resulted in a $1,500,000 reduction of flood losses in the Springfield,
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Massachusetts area, City officials in Holyoke expressed the opinion

that reductions of losses because of flood warnings were indeterminate,
"but large". Investigations in Holyoke brought out the foet that much
damage was avoided because it had bewm poé;ible to move stocks, espccially
in peper mills, To upper floors.

1, Comparison of 1927 and 19% flood lossos.- The 1936 and 1927

flood losses were differently distributed between localities and groups.
In 1927, the upper regions suffered more severely, while in 1936, the
major damages were sustained in the highly developed and thickly settled
lower valley. Damsges to highweys and railroads, although of approxi-
mately the seme extent, were respamnsible for only 27% of the 19%6 losses
as against about 66% of the 1927 losses. In the upper reaches some

of the highways, which had been dumaged in the 1927 flood had been recon-
structed at higher levels and of o better type. Some railroad branch
lines in the upper rcaches werc no longer in oxistonce at the time of
the 1936 flood. Scveral industrics and urben structurcs which hcd
suffered hoavy losses in 1927 ncver had beon rcconstructed. 01d type
bridges have becn replaced with morc modern typos, strongor and with
smallor channcl cncroachments. This may account for somc of the de-
croases in demege in tho States of Vermont and New Hempshirc, but the
main reason lies in the fact that discherges and stages were lower in
1936 than in 1927 in the territory above White River Jumctionm, Vermont.
The 1936 flood in the lower reaches so far exceeded all previous records,
that in spite of moving mony pieces of equipment, furniture and stock to
levels above the 1927 flood, damages in the States of Massochusetts and
Connecticut were over 10 times those caused by the 1927 flcod. Plates
Nose. 35 to L0, inclusive, show the distribution of direct losses graphi-
cally by States and classification and afford a compurison of 1927 wnd

19%6 f£lood losses.
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15, Division of watershed into demoge zones.=- The Connecticut

River watershed was divided into 39 tributary and ten main stem damage

zones by applying the following criterias

a., Segregation of locations with high concentrations of
demage. |

b. A fairly constant relation between stage at en index
point and flood demege in the entire zone.

ce A good relation between stage and discharge at one point
writhin the zone. This necessitated at least one zone
for cach cxisting power pool on the mnin stem end occa=-
sionally an additional zone vhen & large tributary om-
tered the pool.

d. The segregation of domage on tributaries in such man-
ner that individual reservoir effcets could be detor-
mincd.

¢« When not 1imitod by the above considerations, zonc
1imits werc selccted at tovmship boundarics to facili-
tate ficld demage investigations and, in addition, zones
wore terminatod vhorc the main stom erosscd the stato
boundary linc.

These zones are given in Table 2ly and their locations are showm

Plate No. L1.

16, Modification of direct losses by flood control works. - Direct

losses which by their nature may be evaluated with a reasoneble degree
of accuracy were used as the basis for the determination of average
ennusl losses. A careful analysis of these losses was made to determine
that portion which is susceptible to modification by flood-control
works. Losses occurring on streams above roservoir sites and storm

damages on minor streams for which flood control cannot be econimically
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justified were eliminated from summerics of recurring lossese Where
there wes positive knowledge that losses from some future flood would
be materially different from those caused by the 1936 flood, estimates
of such expected losses were supplemented. Thus, losses vhich were
clearly non-recurring were eliminated. In this class fall losses to
highways, bridges, buildings or equipment which were dama ged by the 1936
flood, but since have been either abandoned or reconstructed in such a
mamner that future damsges by floods may be expected to bc less severc.
Conversely, some demage figures were increased, as for instance in the
case of factory buildings which were temporarily umoccupied at the time
of the 1936-flood, but have since been reoccupied, so that a flood at
the present time could be cxpected to effect damages over and above
those caused by the 19%36 flood because of the probability of damages

to machincry and contonts added since theo 1936 or demonstration flood.
Dcductions for non-recurring losscs, however, werc not carried to the
extreme; for it is important not to lose sight of the possgibilivy of
new development and therefore additional potential dammges in the future.
The recurring losses shown in Table 25 give consideration to these
modifying influences.,

17. Stage-loss relationship.- Stage-loss relationship was pri-

merily besed upon the 19%6 flood experience, but 1927 data were given
consideration, wherever they were known in sufficicnt detail to permit
their allocation to damoge zones. Individusl stage-loss questionnaires,
executed by field investigators, were scgregated by villages, towms,

ond damoge zones, and thc losscs classifiecd as deseribed in Paragraph 3.
Losses at either criticel or typical stages were rccorded for the
property being inspeeted. In general, thc method of straight=liac ihter-

polation for cach foot of stage intorvening botwoen adjocent stege-loss

estimote was resorted to, unless the knowledge goained by the ficld
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investigator indicated that other procedure we.s vreferable. In this
manner & summary was prepared, for each individual loss investigated,
showing foot by foot the estimoted loss for each stage from the be-
ginning of demage to the crest of flood, and, in addition, the estimated
damage which might result in case of some fubure flood of higher stage.
The total loss for which stage relationship was determined for each
type, in each town, was then compered with the over all total of that
type of recurring loss in that town ond the ratio of the investigated
total to the over all total dotermincd. Sincc it wos intended that

the losses investigoted in sny flood damege center be those which could
be considercd eithor typical or those which for other rcosons influencced
most strongly the shapc of the stage-loss curve, it was considered to
be permissible to multiply the sum of investigoted losses at cach foot
of stage by the above-mentioned ratioc. The stoge-loss curve was thus
expanded in proportion, and madc to pass through the point for total
recurring damn.ge sustained for cach flood damago centber wnd Type.
Summarics of recurring losscs for succcssive sboges for towns were

then tabulated by damage zones and finally o stage-loss relationship
curve prepared for the estimated total of each type of loss for each
damage zone. As a final step, component curves representing the five
types of losses were drawn, the curves added, and a total curve for all
losses for the damage zone in question arrived at. Curves for damage
zones for the 20~reéervoir plen, arrived at as described above, are
shown on Plate 42,

18, Indirect losses.- General.- During the period of flood devas-

totion and subsecuent reconstruction the normal routine of 21l activitics
in the volley was severcly upsct and the influcnce of this con fusion
reoched far beyond the immediatc flood zone. Crippled transportation

focilitics, discontinuity of utility scrvices, curteilment of production,
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suspension of normnl commodity oxchonge, and emergency measures to safe-
guard life, health, and property existed in varying degrees. Mental
reactions originating from adverse conditions and apprehension of

future floods influence detrimentally, and will continue to do sc in
diminishing degrees for a long time to camns, the recovery of pre-flood
activity level and nomal growth. The general upheaval and protracted
recovery of adtivities are responsible for a large indirect loss of
which only a portion can be measured in monetary values.

19, Indirect rclated losses.- Description.- Indirect losses

thet are susceptible to partial evaluation are those related to direct
lossese. They result from conditions erising from loss of use or service
of material things either destroyed or dameged. The more important
losses resulting from the above mentioned condition are enumerated as
follows:
a. Loss of normal business and productim to establishments
directly demeged, their suppliers and customers.
be Lossrof'wages to employees in complctely or partiolly
shut-down industries and ploces of busincss.
c. Loss of good will and permenent loss of business.
d. Loss of iﬁcome by reason of low rent or curtailed divi-
dend payments.
es. Extra cost of carrying on business under adversc flood
conditions.
f. Cost of rcgeining temporarily lost business.
g. Extra cost involved in replacing damagcd stock and
equipment.
he Cost of traffic detouring and delays.
i. Loss caused by interruption of utility services.

j. Expenditures to alleviate distress conditions, prevent
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sickness and epidemics; for sanitation, policing, and
ferryings
k. Cost of capital needed to replace direct losses,.

20, Interruption of normal business.- One of the most serious

causes for indirect losses was the interruption of normel trade channels
and isolation of maeny communities for days and in some insten ces weeks.
This sudden cessation of normal activities affected the entire communi-
ties ond not only portions actually flooded. Losses of this type are
not easily evaluated, although in the aggregate they were substantial,
and were felt in memy parts of the country. To cite one instence:; work
on the Passamaquoddy snd Fort Peck projects wos delayed to some extent
because cables and machinery parts originating in the flooded area could
not be delivered according to schedule. In this class of loss falls

the inconvenience of interruption of power service with its possible
denger of aécidents, delayed communications in case of sickness and
injury upon which no money value cen be placed., Telegraph companies
were able to partially maintain service only by use of emergency power
reverting to the former snd slower Morsc system when operation of auto-
matic telegraph machines had to stop bceausc city power service failed.
A very costly effect of interruption of power gservice was the stopping
of elevators which prevented the movement of veluable stock and mer-
chendisc to higher lovels and thereby materially incrcased direet losscs.
Production schcdules in many foctories located in various parts of tho
countbry werc upsel, cithor because mnufectured goods could not be de-
livercd, or nccded parts were not rcccived at the proper time.

2l. Investigation of indirect related losses.- Meny who were

interviewed in the effort to ascertain the extent of indirect losses were
willing end able to estimate the extent of their indirect losses. In

general, these estimates were accepted as being correct under the assump-

- 81 -



tion that the informant's knowledge of his owm property was more reliable
than that of the investigator. It should be stated, however, that there
were instances where much reluctance was shown to fully disclosze the
seriousness of losses because of fear that publication of heavy losses
would have an adverse effect upon credit standing and incidentally
might cause unfair competition. In order to gct a better idea about
the extent of the effect of imberruption of normal activities becausc
of the flood, a number of fims in various parts of the country were
contacteds These fims normelly furnish goods to industrics within
the flooded arcas. Only a few of the firms thus contactod, attempted
to cstimate indircet losses in torms of money loss. The majority simply
stated that thoy did suffer losses, which they wore unablé to cveluste,
but did deseribe as Mserious" and were sustuincd beeausc of the f ollow-
ing rcasons:
&, Loss of normal sharc of busincsse
b, Not being able to make deliverics or got products
originating in the floodcd arca.
¢. By having to change their production schedule, taking
down and seotting up special machinery.
d. By having to lay off some of thelr employccse.
ce By having to roplace goods damaged in tronsit, which in
some instanccs nccessitated usc of promium timc.,
£, Shipment had to be made over longer routes Ty trucks
instoad of over normal routes.
g+ Collcetion of moncys due from fims in the flooded arca
was slowe
In practically every instancc it wos stated that although thesc indircet
losses weror sufficiently large to be felt, it was impossible to estimate

their moncy velue. Some few did supply cstizotes and from thesc and
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information goined in informal interviews it is believed thot indirect

losses of the above type amount to at least 10% and may well reach cs

high os 30% of the direct losses.

(Report :continued on following poge)




00, Exemples of indirect losses.= It may be well to cite in

more detail me case, possibly an extreme one, where morc or less comne
plete estimates were received. It concerns an indust ry with plants on
the Conmnecticut River in Massachusetts. The plants were flooded ond
this industry reported o direct loss of $98;000, They cstimated their
loss of sales ot $50,000 and possiblc woge loss to employees at 525,000
or & total estimated loss of $173,00C,

Four of their more important supplicrs woerc contacted and
made roplics to the questionnsire sent to them. 0Onc of the firmeg (locut-
ed in Boston, Mass.) reported that their indirect loss, bocausc of the
shut-down of the plants of above and other customers in the flooded
area, is estimated at from $150,000 to $175,00C. 1In addition to this,
all othors roported serious interference with their business which they
could not express in moncy value.

Two of thesc rcported that bills emounting to $27,000, now
long overduc, cannot be coilocted, becouse the industry located in
the watershed is nmow in the hands of a roeciver, which condition wes
ot least partially caused by the sceverc flood losscs.

2%, Urban and industrial indircct losscse= Indirect losses asso-

ciated with industrial and commercial enterprises were studied in the
most detaile Limited time, though, permitted contacts with aly the
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